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Abstract: Land abandonment represents a major threat to the conservation of European semi-natural
dry grasslands. To ensure biodiversity and habitat conservation, in this study, sheep grazing was
reintroduced in abandoned Festuco-Brometea dry grasslands of a western Italian alpine valley. The ex-
perimental design included three treatments, along a gradient of increasing disturbance: (i) not-
grazed, (ii) grazed, and (iii) penning areas. Unexpectedly, two years after grazing reintroduction,
a wildfire hit the study area. To investigate the short-term effects of grazing and wildfire disturbances
on vegetation, 62 permanent transects were monitored from 2014 to 2018. Vegetation cover, plant di-
versity, and richness and abundance of three functional groups of species were analyzed through
generalized linear mixed models. Grazing caused little changes in vegetation, with the greatest
effects observed in penning areas: the pioneer xerothermic species group, including many rare plant
species, benefited from the reduction in the litter layer and the opening of gaps in the sward induced
by trampling. The wildfire led to an increase in plant diversity and to changes in plant composition:
dry grassland species decreased, while pioneer xerothermic and ruderal species increased their
abundance. Short-term results suggest that both disturbances may foster the conservation of alpine
dry grasslands.
Keywords: biodiversity conservation; Bromus erectus; burning; night pens; priority habitats;
Stipa pennata; vegetation dynamics
1. Introduction
Since the 1950’s, socio-economic transformations have resulted in a pronounced
migration of people from rural to industrialized urban areas, resulting in widespread
abandonment of managed semi-natural habitats [1,2]. The negative effects of this agro-
pastoral abandonment are widely recognized as crucial issues affecting the conservation
of European semi-natural grasslands [3], and are two-fold. Firstly, the lack of biomass
removal in semi-natural grasslands leads to litter accumulation and the modification of
plant interspecific competition [4,5]. As a consequence, a few highly competitive grasses
often increase and become dominant, while less competitive species are suppressed [6,7].
Secondly, the processes of natural succession result in a gradual but widespread shrub and
tree encroachment [6,8,9]. Ultimately, both changes in interspecific competition and woody
species encroachment lead to a dramatic decrease in plant diversity [4,10].
The interruption of management practices is a major threat for semi-natural dry grass-
lands, traditionally managed through extensive mowing and lenient grazing. Among them,
Festuco-Brometea grasslands are valuable for their high plant diversity and richness in rare
plant species [11,12] and provide habitat for several animal species, such as endangered
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birds and butterflies [13,14]. During the last few decades, several programs concerning
the reintroduction of grazing in abandoned dry grasslands have been successfully imple-
mented in Europe to support biodiversity and rare species conservation and to control
invasive shrubs and highly competitive grass species [15–18]. Selective grazing, trampling,
defecation, and heterogeneous distribution of the stocking rates enhance the sward’s struc-
tural heterogeneity, thus supporting the ecological needs of a rich flora [19–21]. Moreover,
biomass removal and trampling by grazing animals, which open the sward and reduce
litter accumulation, play a crucial role in the germination and establishment of short-lived
and light-demanding species [16,22]. Indeed, these species tend to disappear in abandoned
grasslands because of the reduction in their competitive abilities [4,21].
Most of the studies concerning the management and conservation of European dry
grasslands refer to Central and Eastern Europe, e.g., [15,16,23]. In contrast, little research
has focused on the management of the dry grasslands in inner-alpine valleys, despite their
high conservation interest. Such species-rich communities, broadly threatened by agro-
pastoral abandonment [24], harbor many rare elements of the steppic and Mediterranean
flora [25–27]. Given the conservation interest in these plant communities, sheep grazing
was reintroduced in abandoned Festuco-Brometea dry grasslands of a western Italian alpine
valley in 2015, with the support of the EU LIFE program (project LIFE12 NAT/IT/000818
‘Xero-grazing’). Until the mid of the 20th century, these grasslands had been traditionally
maintained through extensive sheep grazing and (in the flattest areas) mowing. However,
after the Second World War, this area was rapidly abandoned, and shrubs and trees
progressively encroached on the grasslands, causing reduction and fragmentation of these
habitats. In 2017, two years after grazing was reintroduced, an unexpected wildfire hit
the entire area. Wildfires are a common disturbance in dry grasslands and contribute
to keep habitats open by counteracting shrub and tree encroachment [28,29]. However,
wildfires may turn into a severe threat for habitats and biodiversity in areas encroached by
shrubs and with litter accumulation as a result of land abandonment [30]. By monitoring
vegetation on permanent transects from 2014, i.e., before grazing implementation, to 2018,
i.e., after the wildfire, this study provides the unique opportunity to investigate the short-
term effects of two different types of disturbance on vegetation.
The objectives of this paper were to analyze the effects of sheep grazing reintroduction,
along a gradient of increasing grazing disturbance, and of the wildfire, on vegetation cover,
plant diversity and richness and abundance of three functional groups of species (i.e., dry
grassland, pioneer xerothermic and ruderal species) in abandoned Festuco-Brometea dry
grasslands of an inner-alpine valley.
2. Materials and Methods
2.1. Study Area
The study was conducted within the Special Area of Conservation (SAC) “Xerothermic
Oases of Susa Valley-Orrido of Chianocco” (SAC IT1110030), North-Western Italian Alps
(45◦08′ N, 7◦06′ E). The area is characterized by a xerothermic and sub-Mediterranean
climate, with an average annual air temperature of 11 ◦C and average annual precipitation
of 670 mm [31]. The geological substrate consists mainly of Mesozoic limestones and
dolomites.
Semi-natural dry grasslands belonging to Festuco-Brometea Br.-Bl. and Tüxen ex Br.-Bl.
1949 class and downy oak (Quercus pubescens Willd.) woodlands are the most represented
plant communities in the SAC. Festuco-Brometea communities include Stipo-Poion carnioli-
cae Br.-Bl. 1949 and Xerobromion erecti Br.-Bl. and Moor 1938 phytosociological alliances,
which belong, respectively, to 6240* and 6210* priority habitats under the Habitat Directive
92/43/EEC [32]. Stipa pennata L. s.l., together with Festuca ovina L. s.l, and Bromus erectus
Hudson, together with F. ovina s.l., are the dominant species of the Stipo-Poion carniolicae
grassland type (hereafter, ‘Stipo-Poion’) and of the Xerobromion erecti grassland type (here-
after, ‘Xerobromion’), respectively. Both grassland types host several plant species listed in
National and Regional Red Lists, such as Euphorbia sulcata Loisel. [33], or protected by the
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Piedmont Regional Law (LR 32/1982), such as Brassica repanda (Willd.) DC., Echinops ritro
L., and all Orchidaceae species. Moreover, some species are considered of conservation
interest due to their rarity in the Alps, such as the Mediterranean species Asterolinon linum-
stellatum (L.) Duby, Helianthemum salicifolium (L.) Mill., Linaria simplex (Willd.) DC., Linum
strictum L., and Ononis reclinata L. [34].
2.2. Experimental Design
The study was conducted in a 63 ha area within the SAC, consisting of 41 ha of
Stipo-Poion and 22 ha of Xerobromion not managed since the 1950s (Figure 1). Altitude
ranged from 550 to 1300 m a.s.l. and the mean slope and aspect were 30.6◦ and 211◦ N,
respectively. A 43 ha area was grazed by sheep in 2015, 2016 and 2017, while a 20 ha area
was left ungrazed. The presence of some wild ungulates was observed in the area, but the
effects of their exploitation were negligible. Grazing was applied at low intensity (stocking
rate ranging from 0.064 to 0.073 LU ha−1 year−1, with 1 sheep = 0.15 LU) and the grazing
period ranged from April to June (i.e., at the peak of plant biomass production for these
grasslands). The flock consisted of 250 Bergamasca sheep managed by the shepherd in a
daily routine, entailing lenient supervision during the day and confinement in temporary
penning areas at night [35]. Penning areas were fenced with an electrified net that delimited
an area of about 1–3 m2 sheep−1. During each grazing year, they were moved over the
pasture every 1–4 days, avoiding previously used locations. Temporary penning areas
are commonly used in the Alps to prevent wolf attacks and, occasionally, to contrast
shrub encroachment and improve grassland vegetation through dung deposition and
trampling [8]. In this study, two penning areas in Stipo-Poion and three in Xerobromion
were selected for monitoring. Each of them was used by the flock in the first grazing year
(i.e., 2015) at a high stocking rate (0.83 LU ha−1 year−1) and then regularly grazed in the
following years. Therefore, the experimental design included three treatments for each
grassland type, along a gradient of increasing disturbance: (i) not-grazed (NG), (ii) grazed
(GR), and (iii) penning areas (PA).
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Each penning area (PA) includes five permanent transects.
From 22 to 30 O tober 2017, an unexpected wildfire occurred in the SAC, affecting the
entire study area. To prevent soil erosion due to animal trampling and to encourage the
spontaneous recovery of vegetation, grazing was not applied in 2018. The effects of the
wildfire, which was assumed to have evenly hit the three grazing treatments, were assessed
in the first after-fire season.
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2.3. Vegetation Transects
A total of 62 linear permanent transects of 12.5 m length was used to assess botanical
composition (Table 1 and Figure 1). For both GR and NG treatments, transects were
set approximately every 1.5 ha into homogeneous and representative Stipo-Poion and
Xerobromion patches. In each of the five selected PA, five permanent transects were placed
at a minimum distance of 5.5 m from each other. The ends of each transect were marked
with rebars to ensure its precise re-location.
Table 1. Number of permanent transects per grassland type and treatment (NG = not-grazed,
GR = grazed, PA = penning areas).
Stipo-Poion carniolicae Xerobromion erecti Total
NG 7 5 12
GR 17 8 25
PA 10 15 25
Total 34 28 62
Vegetation transects were surveyed between April and May (i.e., at the flowering
phenological stage of the dominant species) throughout four years: one year before the
reintroduction of grazing (2014, T0), one (2016, T1) and two (2017, T2) years after the
grazing implementation, and in the first vegetative season following the wildfire (2018, T3).
In T1 and T2, transects were surveyed just before the annual grazing.
Botanical composition was assessed along each transect using the vertical point-
quadrat method [36], with 50 points spaced at 25 cm intervals. At each point, plant species
touching a steel needle were identified and recorded. Moreover, total plant cover (%) was
visually estimated within a 2 m × 12.5 m area centered on the transect line (i.e., 25 m2
vegetation plot). All plant species included within the vegetation plot were also recorded
to account for occasional species. Species nomenclature followed Landolt et al. [37].
2.4. Data Analysis
At each transect, species relative abundance (SRA) of each recorded i species was




× 100 (%), (1)
where fi is the frequency of occurrence (number of occurrences/50 points) of the species i.
A SRAj = 0.3% was attributed to all occasional j species found in the vegetation plot
but not recorded along the transect, according to Tasser and Tappeiner [38]. As the overall
SRAi+j (hereafter SRA) was greater than 100%, the SRAi were rescaled, while maintaining
SRAj = 0.3%, to obtain a SRA equal to 100% at each plot.
At each vegetation plot, diversity was expressed in terms of total species richness,
i.e., the total number of species found within the vegetation plots, and Shannon diversity
index [39]. Additionally, each plant species was associated with its phytosociological
optimum (at the class level) according to Aeschimann et al. [40] to identify groups of
species characterized by similar ecological needs. Then, plant species were pooled into
three functional groups: (i) ‘dry grassland species’ for plant species with ecological opti-
mum in Festuco-Brometea and Lygeo-Stipetea classes, which correspond to the typical species
of the habitats; (ii) ‘pioneer xerothermic species’ for plant species with ecological opti-
mum in Koelerio-Corynephoretea and Thero-Brachypodietea classes, which include the rare
Mediterranean annual species; and (iii) ‘ruderal species’ for plant species with ecologi-
cal optimum in Agropyretea intermedii-repentis, Artemisietea vulgaris and Stellarietea mediae
classes, which correspond to typical species of disturbed habitats that negatively impact
on habitat conservation. Species richness and SRA of the three functional groups were
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computed for each vegetation plot. The list of all plant species and their corresponding
phytosociological optimum and SRA for each treatment and year is provided in Table S1.
2.5. Statistical Analysis
Generalized linear mixed models (GLMMs) were used to assess the effects of grazing
treatments and wildfire on grassland vegetation. All analyses were conducted separately
for Stipo-Poion and Xerobromion grassland types. Total plant cover, total species richness,
Shannon diversity index, and species richness and SRA of dry grassland, pioneer xe-
rothermic, and ruderal species were considered as response variables. Treatment, year,
and their interaction were set as fixed factors, while the plot was specified as a random
factor to account for the repeated measure structure over the years. Tukey’s post hoc
tests on treatment x year interactions were performed to analyze significant differences
amongst treatments within each year and significant differences amongst years within each
treatment. Shannon diversity index, being a continuous variable, was modeled with both
normal and gamma distributions, while total species richness and richness of the three
functional groups, being count variables, were modeled with both Poisson and negative
binomial distributions. The model resulting in the lowest Akaike’s Information Criterion
value for each analysis was considered as the best fitting one and retained [41]. Total plant
cover and the SRA of the functional groups, being percentage data, were rescaled between
0 and 1 to be modeled with a Beta distribution. Before the analysis, the SRA of pioneer
xerothermic and ruderal species were transformed according to the formula proposed
by Cribari-Neto and Zeileis [42] to rescale them and avoid 0 and 1 values, which are not
allowed by Beta distribution.
The R software [43] was used for statistical analyses. GLMMs were run with the
‘glmmTMB’ package [44] and Tukey’s post hoc tests were computed with the ‘emmeans’
package [45].
3. Results
The results of the GLMMs were scrutinized focusing on two periods of the temporal
series: (i) period T0–T2, to assess the effects of grazing treatments, and (ii) period T2–T3,
to assess the effects of the wildfire.
Before the implementation of grazing (T0), the average total plant cover was 74% in
Stipo-Poion and 88% in Xerobromion, respectively (Figure 2a,b). During the grazing period
(T0–T2), no difference in total plant cover was observed, either among treatments or among
years, in both grassland types (except for a decrease in the night pens of Xerobromion
at T1). After the wildfire, the total plant cover did not change in Stipo-Poion. However,
in Bromus-dominated grasslands, values decreased in NG and PA, but treatments did not
differ among each other after the wildfire.
A total of 237 plant species belonging to 47 botanical families were recorded in the
study area (Table S1). In both grassland types, total species richness did not differ yearly
among treatments and did not change within each treatment either after two years of
grazing (except for an increase in the penning areas of Xerobromion) or after the wildfire
(Figure 3a,b). The yearly species richness of all functional groups did not differ among
treatments. The richness of dry grassland species did not vary throughout time as well,
while some variations within treatments were found for pioneer xerothermic and ruderal
species (Figure 3c–h). After two years of grazing, the richness of pioneer xerothermic
species increased in PA in both grassland types. In Stipa-dominated grasslands, it also
increased in GR. No variations in the richness of pioneer xerothermic species were detected
after the wildfire. The richness of ruderal species did not change during grazing (except for
an increase in the penning areas of Stipo-Poion), but it increased after the wildfire in every
treatment in Xerobromion (average increase +2.6 species).
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Figure 2. Results of the generalized linear mixed models performed on total plant cover in (a)
Stipo-Poion carniolicae and (b) Xerobromion erecti grassland types. Uppercase letters indicate significant
differences among years within each treatment while lowercase letters indicate significant differences
among treat ents within each year, according to Tukey’s post hoc tests. Years: T0, before grazing
implementation; T1 and T2, after o e and two years of grazing; T3, after the wildfir . Significance
levels: s, p ≥ 0.05; *, p < 0.05; ***, p < 0.0 1.
Shann n diversity index did not differ yearly among treatments during grazing,
despite a significant i crease in GR in Stipo-Poion (Figure 4a,b). After the wildfire, it in-
creased in NG in Stipo-Poion and in all treatments in Xerobromion.
The SRA of the functional groups showed opposite trends throughout time: in both
grassland types, dry grassland species decreased, while pioneer xerothermic and ruderal
species increased (Figure 4c–h). More specifically, the SRA of dry grassland species de-
creased two years after grazing in PA in both grassland types and in GR in Stipa-dominated
grasslands. However, treatments did not differ at T2. A further reduction was observed
in all treatments in both grassland types following the wildfire (on average, −17.0% and
−11.9% in Stipo-Poion and Xerobromion, respectively). In contrast, the SRA of pioneer
xerothermic species increased in PA and (only in Stipo-Poion) in GR during the grazing
period. In the penning areas of Stipo-Poion such increase (+12.0%) resulted in a significantly
higher value compared to the other treatments at T2. After the wildfire, a further increase in
the SRA of pioneer xerothermic species was recorded in all the treatments in both grassland
types (+12.2% and +5.0% in Stipo-Poion and Xerobromion, respectively). Ruderal species SRA
increased in the penning areas of both grassland types at T2, even though treatments did
not differ among each other. After the wildfire, ruderal species SRA significantly increased
in most treatments, i.e., NG and GR in Stipa-dominated grasslands (+6.7%) and NG and PA
in Bromus-dominated grasslands (+3.5%).
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and richness of dry grassland species (c,d), pioneer xerothermic species (e,f) and ruderal species
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4. Discussion
The reintroduction of sheep grazing in Festuco-Brometea dry grasslands of an inner-
alpine valley caused few changes in their vegetation in the short term. Indeed, after two
years of grazing, total plant cover, species richness, and Shannon diversity index did
not differ among treatments. The SRA of functional groups, instead, changed in the
night pens, where dry grassland species decreased and pioneer xerothermic and, slightly,
ruderal species were favored. Most of the pioneer xerothermic species are annual and
light-demanding and require bare ground microsites to germinate and grow. In penning
areas, their competition was probably enhanced by the opening of gaps in the sward and
the reduction in the litter layer induced by trampling, which provided suitable germi-
nation microsites [18,19,21]. In particular, Alyssum alyssoides (L.) L., Arenaria serpyllifolia
L., H. salicifolium, O. reclinata, and Petrorhagia saxifraga (L.) Link were the most abundant
pioneer xerothermic species in the penning areas at the end of the grazing period (Table S1).
Among these, the Mediterranean species H. salicifolium and O. reclinata are considered rare
in the Alpine region.
The absence of a remarkable grazing effect on vegetation, despite defoliation, tram-
pling and feces deposition, could be related to the harsh ecological conditions characteriz-
ing dry ecosystems (e.g., shallow soils, summer droughts, etc.). Indeed, these ecological
constraints can slow down or prevent an effective vegetation response to grazing manage-
ment [46,47]. Moreover, interannual fluctuations in temperature and precipitation could
affect the plant species composition in dry grassland communities [48], and interact with
and confound the effects of treatments in the short term [23,46].
Although the interannual variability could not be disentangled due to the absence of
unburned control areas, the predominance of the wildfire effects on the vegetation changes
between T2 and T3 was assumed. After the wildfire, total plant cover did not change
in most treatments, with some reductions observed only in Xerobromion. Total species
richness and the richness of functional groups were poorly affected by fire disturbance
as well. The only variation concerned the recruitment of some new ruderal annuals from
the seed bank, such as Ajuga chamaepitys (L.) Schreb., Chaenorrhinum minus (L.) Lange,
Chenopodium album L., and Turritis glabra L. (Table S1). In agreement with the results of
Valkó et al. [49] and Vidaller et al. [50], instead, the Shannon diversity index was enhanced
by the wildfire (especially in Xerobromion), resulting in a much more balanced proportion of
species. Such an effect reflected the trend of the SRA of functional groups: in both grassland
types, dominant dry grassland species decreased, while those groups that were poorly
represented before the wildfire (i.e., pioneer xerothermic and ruderal species) increased
their relative abundance. Specifically, in both grassland types, the pioneer xerothermic
species accounting for most of the SRA after the wildfire were A. alyssoides, A. serpyllifolia,
Echium vulgare L., P. saxifraga, and the rare Mediterranean species L. simplex and O. reclinata.
The species accounting for most of the SRA of ruderal species were Carduus nutans L.,
Elymus repens (L.) Gould, Erodium cicutarium (L.) L’Hér., Reseda lutea L., and R. phyteuma L.
(Table S1). These pioneer xerothermic and ruderal species probably benefited from both
the litter removal and the damage caused by burning to perennial species (e.g., dominant
tussock-forming grasses belonging to the dry grassland functional group), that created
bare ground areas suitable for their germination and propagation [28,49]. The increase in
E. repens after the wildfire can be related to its stoloniferous life form, as highlighted also
by Ruprecht et al. [23]. The occurrence of both pioneer xerothermic and ruderal species in
the first stages of a post-fire chronosequence was also reported by Lonati et al. [51] in Scots
pine forests of an inner-alpine dry valley in the Western Italian Alps.
The positive effects on biodiversity and pioneer xerothermic species, and the substan-
tial recovery of plant cover in the first after-fire season, might be taken into account in case
of application of prescribed burning for the conservation of these grasslands. This practice
has been proposed as a cost-effective management tool for the maintenance of different
open habitats, such as dry grasslands and heathlands [30,50,52], even if some authors
highlighted possible negative outcomes on habitat conservation status [53]. Still, in most
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of the European countries, the implementation of prescribed burning may be laborious
because of strict regulations.
5. Conclusions
This study showed that the plant biodiversity of Festuco-Brometea dry grasslands of an
inner-alpine valley was preserved after both grazing and burning disturbances. The main
effects on vegetation concerned the abundance of functional groups rather than their
species richness, and the magnitude of such effects was greater after the wildfire than in
the previous grazing period. Changes in plant composition intensified along the gradient
of increasing grazing disturbance and suggested a similar pattern under both burning and
grazing disturbances, i.e., a decrease in dry grassland species and an increase in pioneer
xerothermic and ruderal species. Future studies should be performed in a longer time span,
to assess long-term vegetation responses and disentangle treatment effects from climatic
influences.
Supplementary Materials: The following are available online at https://www.mdpi.com/2073-4
395/11/1/6/s1, Table S1: Plant species recorded in each treatment and year with corresponding
phytosociological optimum and average species relative abundance, File S1: R codes used to run the
generalized linear mixed models.
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